Abstract Some of lizard species have the ability to lose their tail in order to defend against predators and regenerate the new tail. Lizard's regenerated tail has attracted scientists' attention for unraveling the regeneration process, but less information is known about the cellular characterization and cell growth properties of original tail. This research aimed to report cell culture and banking process of rough-tailed gecko or Cyrtopodion scabrum's original tail cell sample from inner tissue without skin using tissue explant technique. For banking reports, it is essential to analyze this cells' potential to proliferate, to investigate biological aspects such as cell culture features, differentiation and chromosome number and to report its species identification and quality control. To achieve optimal growth conditions, three different temperatures for incubation including 18, 23 and 37°C and two different media including DMEM and L-15 were applied. The expanded cells were studied for their potential to adipose and osteoblast differentiation. Results indicated that lizard's original tail cells could be successfully obtained by explant technique. The cells demonstrated fibroblast like morphology with population doubling times of approximately 24 ± 0.5 h. Karyotyping analysis showed a distribution of 2n = 40 chromosome number for this cell line. The comparison of different incubation media and temperatures showed that cell growth is equally optimal in all mentioned conditions according to growth curves. Adipose and osteoblast differentiation was obviously observed in these cells which confirms the hint of stem-ness in the produced mixed cells. According to cell banking policies, produced cells were also checked for bacterial, fungal, yeast and mycoplasma contaminations and no contamination was observed. Multiplex PCR for identification of species confirmed the species of lizard with no crosscontamination with other cells in the cell bank. Establishment of authenticated and well-characterized lizard's original tail cell line will provide a valuable source for subsequent in vitro regenerative research and molecular studies which are not feasible in in vivo methods. This finding will allow us to get an opportunity to create and preserve a new collection of lizard cell lines in the future.
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Introduction
Some animal species have special characteristics possessing numerous stem-ness niches, long growth rate period and suitability for regenerative medicine (Avery 1994; Szarek et al. 2016; Weissman 2000) . Lizards, which are known to carry mentioned characteristics, have been introduced as an animal model and been considered as avian and mammal amniotic ancestor (Rupik et al. 2016) . Ecological studies of lizards have shed light on different aspects of science such as embryology and immunology (Cox and JohnAlder 2007; Jensen et al. 2013; Saad et al. 1990; Walker et al. 2015) . It is proven that the ancestors of modern reptiles are similar to modern mammals in many aspects. Since lizards have the ability to regenerate their tail, thus it would be an appropriate animal cell model for subsequent regenerative medicine for mammalian cells (Tollis et al. 2015) . Polazzi et al. (2011) cultivated skin cell of lizard to allow number of studies which are not feasible in in vivo methods (Polazzi and Alibardi 2011) . Hence, we decided to produce mixed cell culture from inner tissue of lizard tail for more in vitro studies and banking of amniotic reptile cells.
First identified by Heyden in 1827, rough-tailed gecko or Cyrtopodion scabrum, a member of Gekkonidae family, is introduced as a widespread lizard which locates mostly in Middle-East, India, Pakistan, Afghanistan, Ethiopia and Texas/USA. This species is described as 10-20 cm in body length, vertical pupil, bright color on ventral side, and brown tubercles on dorsal side. The females lay 1-2 eggs in each period and completes reproducing process in 30-40 days (Bahmani et al. 2012) .
Previously mostly environmental and taxonomical characteristics of C. scabrum have been published. Khan (2008) described C. scabrum based on color and dorsal patterns, breeding habits, habitats and ecology. Ibrahim (2013) in a detailed description of C. scabrum mentioned that there is no significant sexual difference in body size and head shape. Also, temperature was reported as a major factor controlling daily and seasonal activity of C. scabrum. Furthermore, Cannon et al. (1996) and Salamat et al. (2013) morphologically characterized leukocytes and erythrocytes of this species, respectively. However, there are limited reports focused on original tail cell culture properties of this particular species. Although regenerated tail has attracted scientific attention to study the histology of this phenomenon, little information is known about this lizard's original tail cell properties.
Cyrtopodion scabrum has the ability to lose tail in beneficial manner to defend against predators (Higham et al. 2013) . It has been shown that original tail cells as well as regenerated tail cells have stem cell properties (Alibardi 2015b) . In some previous projects the Iranian Biological Resource Center (IBRC) accomplished cryopreservation and characterization of domestic animal cell lines such as Iranian Sistani cattle and Caspian horse Gorji et al. 2017) . Accordingly, this study aimed to establish a cell line isolated from the tail of Iranian domestic lizard, C. scabrum, in order to protect this species genetic pool using cryopreservation technology and characterize some of its cellular and molecular features to provide well characterized and authenticated cell line (Li et al. 2009b) . In future various studies on the cells obtained from lizard could be conducted in spinal cord injury research, embryological studies, cancer research, antibody production and cell differentiation (Murphy et al. 2011; Saad and El Ridi 1988) . With this regard, this methodological study defined an optimal method for domestic lizard tail cell culture and the specificity of cell culture process to deposit well characterized cells for researchers.
Materials and methods

Sample tissue collection
Animal procedures were approved by the Iranian Biological Resource Center Committee. The lizard was obtained from the urban area of Tehran, Iran. After identification of lizard as Cyrtopodion scabrum according to Bahmani et al. (2012) , approximately 5 mm of detached tail tip was used for further cell culture process and then the animal was released. This animal species in Gekkonidae family belongs to order Squamata in Reptilia class of animals. Sample tissue which was consisted of inner white part of tail tip was transferred to 1 ml of Phosphate Buffered Saline (PBS) containing penicillin (200 U/ml) and streptomycin (200 mg/ml) (Sigma Aldrich, St. Louis, MO, USA). The skin of the sample was removed and discarded.
Original tail cell culture and cryopreservation Tail tissue sample was transferred to DMEM medium (Invitrogen, Waltham, MA, USA) and transected to 1-2 mm 3 pieces. Tissue pieces were seeded in a 35-mm 2 culture dish and covered with a sterile 22-mm 2 glass slip. DMEM medium containing 20% FBS (Invitrogen), 2 mM L-glutamine (Invitrogen, Massachusetts, USA), 200 U/ml penicillin and 200 mg/ml streptomycin was added to the culture which was kept in 37°C incubator with 5% CO 2 for approximately 2 weeks. When having reached 80-90% of confluency, primary cells were subcultured in DMEM medium containing 10% FBS and L-glutamine (2 mM) without antibiotics. Once cells reached the optimum confluency, cell viability tests were performed using the trypan blue staining method (Strober 2001) . Cells were used in cell freezing procedure at final density of 1-2 9 10 6 viable cells/ml. The cryovials were kept in -20°C for 1 h, stored in -80°C freezers for one day, and then were transferred to -196°C storage tank for long-term preservation Gorji et al. 2017 ).
Optimum cell culture condition
Since lizards' body temperature changes according to environment and their mean body temperature generally falls within the range of preferred temperatures, we also investigated optimum lizard cell culture condition (Sears et al. 2016) . For this purpose, adaptation to L-15 medium (Sigma Aldrich) was performed step by step to maintain the cells at 30 and 18°C incubators without CO 2 . Tail cells were adapted to L-15 medium gradually by reducing DMEM concentration. Viability and growth curve of the adapted cells were examined after growth condition was optimized.
Growth curve
For lizard tail primary cell culture, growth curve was plotted to analyze population doubling time. Around 5 9 10 4 cells/ml were seeded into 24-well plates in DMEM containing 10% FBS and 1% L-glutamine (2 mM) and were cultured for 6 days. Cell concentration and growth rate were recorded every day and doubling time was calculated. Growth curve was plotted for the tail cells adapted to L-15 medium.
Lizard original tail cells were cultured for 45 passages and the growth curve and cell viability tests were plotted afterwards.
Quality control for microorganism detection
Quality control procedures were performed according to cell bank policies at IBRC. During the process, cells were checked daily for fungal, yeast and bacterial contamination by microscope. For confirmation, antibiotic free cell culture supernatant was cultured in thioglycollate broth (Merck, Darmstadt, Germany) and tryptone soy broth (Sigma Aldrich) media for 14 days at 22 and 32°C, separately. Mycoplasma contamination was checked using three methods of mycoplasma PCR, direct solid agar microbiological culture, and DNA staining. Applied PCR method can detect most common cell culture mycoplasma species including: M. orale, M. hyorhinis, M. arginini, M. fermentans, M. hominis, M. bovis, and A. laidlawii (Uphoff 2002) . To confirm PCR analysis, supernatant of cultured cells was inoculated in PPLO broth (BD, NJ, Franklin Lakes, USA) and PPLO agar (BD) with nutritive supplements. After that the prepared culture was incubated at 32°C for 21 days to enrich the mycoplasma (Young et al. 2010 ). In addition, Mycoplasma detection was performed using DNA staining with Hoechst 33258 (Sigma Aldrich) (Chen 1977) . The cell line was checked for viability and contamination within 2 weeks, 6 months and 1 year after freezing.
Cell differentiation
To investigate cell differentiation potential into osteoblast and adipocyte (Meirelles and Nardi 2003; Mohammadi et al. 2015) , cells were seeded in 6-well plates containing differentiation medium. Adipose differentiation medium consisted of DMEM with 10% FBS, 2 mM L-glutamine, 10 lg/ml insulin (Sigma Aldrich), 200 lM indomethacin (Sigma Aldrich), 10 lM dexamethasone (Sigma Aldrich), and 500 lM 3isobutyl 1-methylxanthin (Sigma Aldrich).
After 1 week, the maintenance medium was added to the cells, which contained DMEM, 10% FBS, 2 mM L-glutamine, 10 lM insulin. After 14 days in maintenance medium, cells were fixed with 10% formalin (Merck) and were stained with 0.5% Oil red O (Sigma Aldrich) in isopropanol (Merck).
To validate osteogenic potential of tail cells, osteogenic medium containing DMEM with 10% FBS, 2 mM L-glutamine, 10 mM b-glycerophosphate, 100 nM dexamethasone and 50 lM ascorbic-acid was added to cells. The medium was refreshed every 3 days. After 25 days, cells were fixed in 10% formalin and were stained with 2% Alizarin red S (Sigma Aldrich)(pH 4.1) (Birmingham et al. 2012 ).
Species identification
Genomic DNA was extracted from tail cells using DNA extraction kit (Iranian Biological Resource Center, Iran). The authentication of primary C. scabrum tail cells was examined using PCR amplification of cytochrome C oxidase subunit I (COI) mitochondrial gene for different animal species including: mouse, rat, horse, cow, sheep, African green monkey, Chinese hamster, and human (Cooper 2007) . The specific forward and reverse primers used for C. scabrum were as follows; 5 0 GGCAGCTAGTG GTGGATAGACGGT 3 0 and 5 0 TTCCACTAATGAT CGGGGCA 3 0 , respectively. This test was performed as cell bank policy to eliminate possible cell contamination with other animal cells which are in process of cell banking.
Chromosome analysis
For karyotype analysis of isolated cells of C. scabrum, 20 lg/ml colchicines (Sigma Aldrich) was added to the medium once cells reached 50-60% confluency. The culture flask was kept in CO 2 incubator for 30 min at 37°C. After medium removal and trypsinization, cells were centrifuged at 3009g for 5 min. Then hypotonic solution (0.075 M KCl) was added to the cell pellet, and kept in a 37°C incubator for 20 min. Next, 1 ml of cold fixative solution including 3:1 methanol (Merck) and acetic acid (Sigma Aldrich) was added and the pellet was centrifuged for 10 min at 300 g. Cell pellet was re-suspended in 5 ml of cold fixative and centrifuged for 5 min at 3009g twice. Three or four droplets of cell suspension was dropped on slides and dried for 18 h at 65°C. G-banding procedure was performed for 7 min (King and Rofe 1976) . For chromosomal analysis, at least 30-40 metaphases spreads were scored and analyzed.
Results
Cell characteristics
After about 2 weeks, the morphologically fibroblastlike cells, reached 80% confluency ( Fig. 1 parts a) and cells were sub-cultured in new culture flasks and were named Hepe01. Parts b and c in Fig. 1 indicate subcultured primary cells at 20 and 80% confluency. Cell viability before freezing and 6 months and 1 year post freezing were 100, 96, and 93%, respectively. The primary cells cultured for 45 passages showed optimal cell viability and growth condition with the same morphology as the primary cells.
The adaptation to L-15 medium in absence of CO 2 along with various temperature conditions revealed that cells are appropriately adapted to L-15 medium at 30 and 18°C with no significant differences in morphology and growth rate ( Fig. 1 parts d-f ).
Growth curve diagram
As shown in Fig. 2 , the growth curve pattern indicated that the primary cells reached optimum growth condition within 24-36 h. Then, the cells proliferated normally and were in the log phase until day 5. The cells showed a stationary phase for around 24 h and demonstrated the normal pattern of cell growth diagram with the population doubling time of 24 ± 0.5 h. When cells adapted to L-15 medium step by step at 30 and 18°C, the obtained growth curve indicated no significant difference in growth rate.
Microbial quality control
The antibiotic free Hepe01 cell culture supernatant cultured in thioglycollate broth and tryptone soy broth media showed no turbidity or other visible microbial contamination. The multiplex PCR (Fig. 3) , direct solid agar microbiological culture, and DNA staining method (Fig. 4) demonstrated no mycoplasma contamination. (Fig. 6 ). This observation indicates that the primary cells contained a combination of stem cells and other fibroblast like cells.
Species identification
To eliminate the possible contamination with other cell lines in the cell bank of IBRC, PCR test for species identification was performed and confirmed a specific 155 bp band corresponding to lizard C. scabrum, in comparison to other species such as rat and human as control samples (Fig. 7) . The result revealed that the established cell line was not cross contaminated with other species that are in process of cell banking at IBRC.
Chromosomal analysis
As shown in Fig. 8 , the metaphase chromosome and karyogram analysis showed chromosome number of 2n = 40. In this regard, more than 35 chromosomal spreads were counted. According to the karyogram, 6 pairs of macro-chromosomes including sex chromosomes ZW and 14 pairs of micro-chromosomes were observed. Macro-chromosomes were mostly acrocentric and the animal's gender was identified as female. Sex chromosomes were identified according to features of being either heterochromatic or euchromatic (Capula et al. 1991) . In addition, after 45 passages the 
Discussion
In this study, we aimed to isolate and cryopreserve mixed cells from the original tail of lizard C. scabrum. In addition, optimization of cell culture condition and the cell characterization by assessment of cell viability, microorganism detection, chromosome analysis, species identification, and differentiation characteristics were performed. It is obvious that cryopreservation of lizard somatic cells as a genetic resource is a convenient method for further studies (Li et al. 2009a; Szarek et al. 2016) in various fields, including cell reprogramming, tissue engineering and extra cellular matrix production (Franco-Barraza et al. 2016) . Our results represent a qualitative report from the established Hepe01 lizard tail cells. This cell line is an appropriate cell line for working with actively proliferating and well identified cells in order to develop an in vitro model system for experimental analysis of cell cycle, drug uptake (Unsicker et al. 1976 ) and genome availability for transcriptom analysis (Hutchins et al. 2014) . Also since the cell line is from mixed tail tissue, unsolved blood vessel regeneration issue (Lozito and Tuan 2017) may be replied by a new experimental study by means of this original tail cells.
The established cells were cryopreserved at a low passage number to maintain maximum cell conservation against genetic and biological changes that occur during repeated proliferation and trypsin digestion. Polazzi et al. (2011) reported that keratinocyte from regenerated tail of lizard Podarcis muralis proliferated to form multi-stratified layers and a dermal pellicle in about 2-3 weeks in vitro in basic medium of DMEM and Nutrient mixture F-10 Ham (2:1), supplemented with 10% fetal calf serum, 5% chicken serum, and 2% penicillin/streptomycin (Polazzi and Alibardi 2011) . Our produced cell line from mixed tissue of original lizard tail, showed a fibroblast-like morphology in DMEM medium and L15 medium separately supplemented with 10% FBS. Straub et al. (2013) indicated that primary cells isolated from endangered salamander Andrias davidianus skin, survived better using the DMEM/F12 medium at room temperature (Strauß al. 2013) . In another study Saad and El Ridi (1988) reported a good survival for lizard spleen cells cultured in L-15 medium and adapted to serum free medium for antibody production. It should be also mentioned that our results indicated similar morphology for tail cells at 18, 30 and 37°C, which is in accordance with a previous report by Clark et al. (1970) . In a study which was published by Michalski et al. (1974) , GE-1 cells and GL-1 cells from lizard embryonic tissue and lizard lung epithelial cells showed a maximum growth rate at 29-31°C, with a vivid reduction in growth rate at temperatures above and below this range. Clark (1970) reported that the temperature of 30°C was the optimum cell growth condition for GL1 cell line. Also, sub-lines from GL1 grown at 23°C were efficiently derived from the cells grown at 30°C condition; however, Gecko's organs did not yield primary cells at 23°C directly (Clark et al. 1970) . As well, we conducted step by step adaptation to maintain the cells at two temperature conditions and could successfully establish sub-lines at 30 and 18°C.
Recently, original tail cells as well as regenerated tail cells of lizards have attracted scientists' attention to discover properties of progenitor cells. Mostly histological studies have focused on tail regenerative potential in lizards and confirmed progenitor properties of original and regenerated tail (Alibardi 1994 (Alibardi , 1996 (Alibardi , 2015b . Due to limited access to lizard specific stem cell antibodies, a recent study also confirmed the stem-ness properties of original and regenerated tail in lizard by auto-radiographic-detection and immune-detection of these cells (Alibardi 2015a) . It is reported that the tail of lizard Eublepharis macularius has a complex mixture of multiple tissues such as striated muscle, vasculature, adipose tissue, a bony vertebral column and a spinal cord. It was observed that the regenerated tail is macroscopically similar to the original tail but contains a simpler spinal cord with likely stem cells (McLean and Vickaryous 2011) . These findings led us to pursue the lizard original tail cells differentiation properties to adipose and osteocyte. The evidence of differentiation potential and high proliferative ability of cells for more than 45 passages in our experiments may give hints of stem-ness characteristics in isolated lizard tail cells. Based on these observations, we can propose an assumption that new tail cells can originate from original tail cells. Previous reports for understanding the origin of regenerated tails showed that Schwann cells in tail of lizards have high proliferative abilities with double origin, one of which was original Schwan cells (Alibardi 1996) . Previous studies in other squamata reptile revealed that chondroblasts in a regenerating cartilaginous tube of the new tail were originated from the proliferating cells of the old vertebrae injured by the amputation (Alibardi 2015b) . It is reported that the adipose tissue is thicker in re-grown tails (Szarek et al. 2016 ). This result interested us to pursue more detailed in vitro studies of cells from different parts of the tail before and after amputation on differentiation to other lineages, in future.
The karyotype of C. scabrum was achieved by classical cytogenetic techniques. Until now, for gekkonaede family chromosome numbers of 2n = 28-46 have been reported (King and Rofe 1976) . In our study, cells retained 2n = 40 pattern for almost all of the spreads counted, which was characterized as 6 pairs of acrocentric macro-chromosomes and 14 pairs of micro-chromosomes. Interestingly, chromosome number did not change after 45 passages. In a study performed on Phyllodactylus marmoratus which is in the same order as C. scabrum 2n = 36 chromosomes was observed (King and Rofe 1976) . However, Capula (1991) illustrated that the species Lacerta horvathi has a chromosome number of 2n = 36 with no micro-chromosomes (Capula et al. 1991) . They also stated morphologically indiscernible sex chromosomes differed from each other by being either heterochromatic or euchromatic. In the current study, two kinds of sex chromosomes (WZ) were diagnosed. Some viviparous lizards in Squamata order of lizard were reported to have 35 or 36 chromosomes (Kupriyanova et al. 2014) . The authenticated lizard tail cell line is a valuable and reliable source to use in future cellular and regenerative studies. In near future it is necessary to widen the cell bank of various tissues from more lizard species for a trustworthy comprehensive medical research.
Conclusions
It could be gathered that lizards are the closest vertebrates with a broad self-regenerative capacity to upper vertebrates (birds and mammals). The established cell line from lizard would be an appropriate choice for future researchs and development in the stem cell-based therapy. The Original tail cell line from Cyrtopodion scabrum named Hepe01, was characterized, and cryopreserved in nitrogen tank as a unique and valuable source of the species. The established cell line is genetically stable, which makes it useful for further genetic studies.
